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Abstract 
In this work a simple kinetic model to describe the colour (redness) changes during beef roasting is developed. 
Colour changes information was measured using small semitendinosus muscle samples at different time-temperature 
treatments. Afterward these thermal treatments, surface colour information in the CIEL*a*b* colour space was 
obtained using a Colorimeter. The obtained colour results were used to develop a simple first order fractional kinetic 
model for redness variation. In the kinetic model, the reaction rates were correlated with temperature according to an 
Arrhenius relationship; the constant rate was found as k0=1.4482×1010 s-1, and the activation energy was found as 
Ea=80.7397 kJ mol-1. The colour model predictions are in good agreement with experimental ones, with an error less 
than 7%. Also, the colour kinetic model can be successfully coupled to a heat and mass transfer cooking model, in 
order to include quality aspects into cooking simulation. Since for large samples can exist important temperature 
differences between core and surface regions, also can exist colour differences in such regions, which can be 
predicted by coupling the colour kinetic model. 
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1.Introduction 
During the roasting of beef pieces, the muscle suffers several changes associated with its internal 
temperature evolution. At the end of cooking, beef’s colour, which can vary from "very rare" to "well 
done", is the main indicator of the doneness as it is perceived by consumers. This way of perceiving 
doneness by consumers can lead to safety problems, since there exists evidence that visual appearance 
does not imply that a safe temperature, from a microbiology point of view, have been reached. This issue 
 
* Corresponding author. Tel.: +54-221-425-4853; fax: +54-221-425-4853. 
E-mail address: smgoni@cidca.org.ar. 
2211–601X © 2011 Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of 11th International Congress on Engineering  and Food (ICEF 11) Executive Committee.
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier B.V.
 Selection and/or peer-review under responsibility of 11th International Congress  on Engineering and Food (ICEF 11) Executive 
Committee.
Open access under CC BY-NC-ND license.
1040  Sandro M. GoÒi and Viviana O. Salvadori / Procedia Food Science 1 (2011) 1039 – 1044
is more important in processed food based on minced meats, like hamburgers, since the whole product can 
be contaminated. On the contrary, food cooked as a whole piece, without pre-processing, only can be 
contaminated at its surface, and then it is safe even at very rare doneness [1]. 
On the other hand, mathematical modelling and simulation has been proved to be a useful tool in 
several meat processing operations, like hamburger cooking, where calculation of cooking time to achieve 
safe products and optimization of the process has been done successfully [2, 3, 4, 5]. Then, the objective 
of this work was to develop a simple kinetic model to describe the colour changes produced during beef 
roasting. Furthermore we test coupling it to a previous developed and validated model of beef roasting, 
which describe simultaneous heat and mass transfer during the process.  
2.Materials and Methods 
Thin slices (4 mm thickness, 4×4 cm2 length×width) of beef semitendinosus muscle were used to 
obtain colour change information. The samples were packed and then subjected to different time-
temperature treatments (between 2.5 to 30 minutes, and between 40 to 100ºC) using a thermostatic water 
bath. After each heat treatment, instrumental measures of surface colour in the CIEL*a*b* colour space 
was obtained, using a portable MINOLTA colorimeter. 
3.Results and Discussion 
In all the treatments the a*-value was lower than the raw ones, the variation was more pronounced at 
high temperatures (Figure 1). The L*-value of cooked samples was higher than the value of raw ones, and 
the variation was less pronounced at high temperatures and long process time. Variations in b*-value did 
not exhibit a clear trend, being in a narrow region. From this analysis, variations of the a*-value appears 
to be the most important, since it determines the change from a pink-red colour of raw beef to a grey-
brown colour of cooked beef; such changes are actually the ones perceived by consumer and can 
determine product acceptability and doneness. 
At long process time (30 min) a*-values remain in a plateau, these were considered as equilibrium 
values (a*) at the given processing temperature (Figure 2). For modelling purposes, a* were fitted to a 
sigmoid function (Eq. (1)), with an absolute error of 9.08%, where TºC is the temperature in Celsius degree 
and a*0 correspond to raw a*-value.  
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To describe the variation of a*-value a simple kinetic model was proposed. A first order fractional 
kinetic model was used (Eq. (2)), being reaction rates (k) correlated with temperature according to an 
Arrhenius relationship (Eq. (3)). The model fits well to the experimental data, with an absolute relative 
error of 6.45%; parameters were found as k0=1.4482×1010 s-1, and the activation energy was found as 
Ea=80.7397 kJ mol-1. 
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Fig. 1. a* variation with processing time, to different process temperature. () 40ºC; () 50ºC; (U) 60ºC; (S) 70ºC; ({) 80ºC; 
(z) 90ºC; () 100ºC. Error bars is from six measurements. At time equal zero; the point is common to all data sets 
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Fig. 2. Equilibrium a*-values at different temperatures. The line correspond to fit of Eq.(1). Filled symbols correspond to the raw 
sample a*-values 
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Later, the developed kinetic model was coupled to a previously developed and validated beef roasting 
model. Such model considers simultaneous heat and mass transfer during the process, and their 
predictions were in good agreement with experimental test: the average absolute relative error was 3.91% 
for cooking time, and 7.96% for total weight loss prediction (or similarly, 3.02% for final weight 
prediction) [6, 7]. 
 
 
 
Fig. 3. Example of the application of the methodology. (a) 3D irregular geometric model; (b) middle cross-section whit 4 points 
used to show simulation results; (c) simulated temperature (–) and colour (--) at the given points, using an experimental oven 
temperature pattern (--); (d) middle cross-section colour prediction coupled to whole domain, at different process times  
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Since for large samples can exist important temperature differences between inner-outer regions, also 
can exist colour differences in such regions. Then the model allow to obtain a non uniform internal 
distribution of a*-values, which is actually observed in large cooked samples, still more when end 
temperature is low. Alternatively, the colour kinetic can be considered only at the coldest point, since it 
will be the more red point. Also, this option will lead to a lower computational cost. For instance, Figure 3 
shows the application of the methodology using a 3D irregular domain of one semitendinosus muscle 
sample, solving the model whit the finite element method using COMSOL™ Multiphysics ([8]). Figure 
3c shows the model results considering 4 inner points in the middle axial plane of sample (including the 
coldest point). The cooking model was simulated until the coldest point in the geometry reach a 
temperature of 72ºC, since this condition is required for microbiological safety of processed meat products 
[9]. It is worth to note in Figure 3c that at a final core temperature of 72ºC, a*- values differences between 
core and surface are too small; for lower final core temperature colour differences can become more 
important.  
Although during roasting test colour parameters were not measured, digital images of different slices 
were recorded, which presented low variability in each colour layer (red, green and blue). Then, it is 
expected low variability also in L*a*b* values, though conversion from RGB to L*a*b* is highly non-
linear. 
4.Conclusions 
From a model-based framework, the usefulness of beef cooking models describing the relevant heat 
and mass transfer mechanisms can be improved incorporating other important issues, related to safety 
restrictions, i.e. to reach a given temperature or lethality at certain point, and also consider quality 
features, as colour or texture, among others. In this sense, the developed model, which describes the 
redness variation during beef roasting, can be used to establish operating strategies to reach desirables 
colour values or colour uniformity at end of cooking. Furthermore, other beef muscles (or muscles of 
another kind of animal) can be considered provided that appropriate information of colour variation is 
known.  
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